Scrapie-infected mice are considered a model for study in prion diseases, which are characterized by the progressive accumulation in the brain of an abnormal isoform (PrPsc) of the normal cellular prion protein (PrPc). Increasing data suggest that the neurodegenerative process in prion diseases may result, at least partially, from a defect in antioxidant function, but so far in vivo oxidative stress remains poorly documented. We report here that 4-hydroxynonenal, a lipid peroxidation by-product, forms protein adducts in brains of scrapie-infected mice and of Creutzfeldt-Jakob disease affected patients. In scrapie mice, studies on the progression of PrPsc accumulation, glial activation, ubiquitin deposition, and 4-HNE adduct formation allowed us to conclude the late occurrence of oxidative damage in the course of the disease. Massive 4-HNE accumulation was identified in astrocytes, but not in neurons or microglial cells. These findings suggest an important oxidative stress (and subsequent lipid peroxidation) in astrocytes, with possible consequences on their neuronal trophic function.
INTRODUCTION
Creutzfeldt-Jakob disease (CJD) in humans and experimental scrapie in rodents are neurodegenerative disorders known as prion diseases. According to the theory formulated by Prusiner, these diseases are caused by nonconventional infectious agents, corresponding to the pathological form (PrPsc) of the widely expressed normal host prion protein (PrPc) (Prusiner, 1982) . The disease process is characterized by the accumulation of this altered form in the brain (Lantos et al., 1992) , associated with astrogliosis, spongiosis, and neuronal apoptosis (Hafiz and Brown, 2000) .
Prion protein expression is a prerequisite for the development of the disease since PrPc knockout (PRNP Ϫ/Ϫ ) mice are resistant to scrapie infection (Bueler et al., 1993) . Although the precise physiological functions of PrPc remain unclear, accumulating data indicate that this protein may play a role in redox homeostasis (Hornshaw et al., 1995; Brown et al., 1997) . In vivo studies indicate that PRNP Ϫ/Ϫ cerebellar cells exhibit a greater sensibility to oxidative stress when compared to wild-type cells (Wong et al., 2001c) . Moreover, PrPc antioxidant activity could be impaired when the isoform PrPsc accumulates in neurons (Milhavet et al., 2000) . These data suggest an important role for oxidative stress in prion disease pathogenesis, as reported in other neurodegenerative diseases (Mark et al., 1997; Markesbery and Carney, 1999 
